Military economies of scale exist if an increase of x percent in all inputs increases an army's destructive capability by more than x percent. Economies of scale did not exist in ancient and medieval warfare. Perceived instances of military scale economies are actually the expected outcome of the application of a superior weapon system. With the development of firearms, combat came to involve more than the front ranks alone.
I. INTRODUCTION
The concept of "military economies of scale" occupies a prominent position in many theories of grand strategy, 1 yet past usage of the term has been plagued by several difficulties. The term is often defined loosely and imprecisely or in a manner that is inconsistent with its use in the theory of the firm. with the result that the concept has become hopelessly vague and nearly meaningless, sometimes amounting to nothing more than a tautology. The purposes of this paper are to provide a rigorous definition of the concept of "military economies of scale" that is consistent with its meaning in microeconomic theory, to describe the sources of these economies, and to establish their existence over time. Lane (1942; 1958) argues that the violence-controlling, violence-using industry has a natural monopoly over a given area. it would be $1,000 per capita and concludes that "the economies of national scale in military power are staggering". Bean (1973) argues that military scale economies arise from the geographic fact that area expands faster than borders needing defense.
II. PITFALLS EXHIBITED IN THE LITERATURE
However, these are both a misapplication of the concept of military economies of scale.
While it is hazardous to generalize about the purposes to which military power has been put, the preponderance of military force in ancient and medieval times was applied in pursuit of nonmilitary goals such as raids for booty, slaves, or captives for ransom. Such a nonmilitary strategy was not aimed at inflicting casualties on the enemy army. To sum up the merits of the four basic weapon systems of ancient and medieval combat, each having its own special capabilities and relative superiorities: light cavalry is superior to both heavy infantry and heavy cavalry, heavy infantry is superior to heavy cavalry, heavy cavalry is superior to light infantry, and light infantry is superior to heavy infantry and light cavalry. The major assumption underlying this result is that every soldier could combat every other. That is, the law assumes that all of the members of the force are able to fire on the opposing army. This assumption obviously lacked reality when the ancient Greeks fought one another hand to hand in deep formations. Even eighteenth century musketeers sometimes failed to meet this assumption. But, with the use of long-range weapons using indirect fire, warfare began to conform to Lanchester's assumption. In addition, the law assumes that both forces are on the offensive on a level, plain battlefield. The law could be modified to take account of the augmented effectiveness of forces fighting on the defensive in favorable terrain. 33 At the Battle of Albuera in 1811, the British had an average of 1,850 men firing against 800 French.
34
The British suffered 1,150 casualties attributable to musket fire. This amounts to a little over half of the 2,000 French losses attributable to small arms fire. Nelson was able to pit twenty-seven of his ships against twenty-three French vessels at Trafalgar. killed and wounded and 9,000 taken prisoner out of a force of 42,000.
38
In a battle off Port Arthur during the Russo-Japanese War, the Russians had disabled five of the seventeen heavy guns in the Japanese fleet while losing only four of their own twenty-three big guns. 39 The Russian heavy gun superiority was becoming cumulative just as the N-square law predicts, but the 
IV. IMPLICATIONS OF THE N-SQUARE LAW FOR SCALE ECONOMIES
Lanchester's N-square law implies that any commander able to concentrate his forces is able to attain an advantage that is more than proportional to his numbers. The N-square law can be used to specify the military production function. When the assumptions underlying the law are satisfied, the military production function takes the form
Suppose that the quantity of military inputs is multiplied by a scalar t>1. Then, Low, sloping dirt ramparts, unlike stone walls, were capable of absorbing cannonballs with little damage. The superiority of a weapon system ought to be and has been affected by such things as technological change, the terrain, or the weapon system of an adversary. Economies of scale, to which the fall of the Roman empire (Dudley, 1990 ) and the expansion of the power of the French monarchy (Blum and Dudley, 1989 ) are attributed, ought not to be so ephemeral as to disappear before mounds of dirt.
26. Skill refers not only to that of the individual soldier, but also to the tactical skills of the commander such as exploiting a superior weapon system or turning the enemy's flank. 
